children. Participants were randomly enrolled at routinely scheduled and urgent care medical appointments. All HIVinfected adults attending outpatient visits and their children were eligible. Informed consent was obtained from all participants, and the institutional review board of the University of Southern California approved the study.
Clinical data were collected through participant interviews and medical record review. Demographic data consisted of age, sex, and ethnicity/race. Medical history obtained included episodes of PCP or other opportunistic infections, smoking status or smoke exposure (for children), current respiratory symptoms, and use of Pneumocystis prophylaxis and antiretroviral medications. Laboratory data for HIV-infected patients included the most recent CD4 cell count and serum HIV RNA level.
Nasopharyngeal aspirate specimens were obtained from children aged !3 years using 3 cc of sterile saline. Oropharyngeal wash specimens were obtained from older children and adults by a 1-min gargle with 10 cc of sterile saline. Samples were obtained at enrollment, and parents and their children had samples obtained on the same day.
DNA was extracted from oropharyngeal wash or nasopharyngeal aspirate specimens with use of the DNeasy kit (Qiagen). Pneumocystis DNA was detected by nested PCR of the mitochondrial large subunit rRNA (as described elsewhere [2] ), and colonization was defined as detection of Pneumocystis DNA in the absence of signs and symptoms of pneumonia. To prevent contamination, all steps of DNA extraction and PCR amplification were performed in separate rooms. Negative and positive control samples (DNA from lung tissue specimens known to contain human Pneumocystis species) were included in all reactions. PCR products were purified and sequenced as described elsewhere [2] and were determined to be human Pneumocystis species. PCR for the human b-globin gene was performed to test for the presence of DNA and lack of PCR inhibitors [5] .
Data were double-entered and analyzed using SAS, version 9.1 (SAS Institute). Continuous variables were described using mean and standard deviation or median and range, depending on normality. Univariate analyses were performed to determine clinical variables related to Pneumocystis colonization with use of Student's t tests and Wilcoxon rank sum tests or x 2 tests and Fisher's exact tests. Statistical significance was determined at . P ! .05 Results. Forty-four HIV-infected adults were enrolled in the study. Colonization with Pneumocystis was detected in 5 adults (11.3%). There were no statistically significant differences between colonized and noncolonized adults with regard to clinical characteristics (table 1) . Most of the adults were female (93.2%) and were of a minority ethnic group or race (86.4%). Thirty-four percent of the adults had previously received a diagnosis of AIDS. Only 11.4% of the adults had a CD4 cell count !200 cells/mL, and 63.6% had a serum HIV RNA level !400 copies/mL.
Sixty children (age, 2 weeks to 17.6 years) were enrolled in the study. Colonization was detected in 2 pediatric patients (3.3%) (table 2). The 2 children who were colonized with Pneumocystis were HIV-uninfected (confirmed by HIV DNA level at birth, 2 weeks, 1 month, and 4 months of age and by HIV antibody testing at 18 months of age) girls aged !6 months who had HIV-infected mothers. Neither had a mother with a history of PCP. One mother was receiving PCP prophylaxis. At the time of colonization, both children had rhinorrhea without evidence of lower respiratory tract infection. Testing for respiratory syncytial virus was not performed. Colonized children were more likely to be aged !1 year than were children who were not colonized ( ). No colonized adults or children P p .04 were members of the same family. Interestingly, all colonized adults and children were Hispanic ( , for comparison P p .04 with all other races and ethnicities).
Discussion. This study is one of the first to examine Pneumocystis colonization in HIV-infected children and in families with an HIV-infected member. Somewhat surprisingly, we found no evidence of transmission in families and a low prevalence of colonization among HIV-infected adults and their children. There were also no clinical characteristics that distinguished colonized from noncolonized persons in the adult population, but when examining the adult and pediatric cohorts together, colonized persons were more likely to be Hispanic. Colonization in the pediatric population was associated with age !1 year, and there was a tendency for colonized children to have upper respiratory symptoms.
We found no evidence of clustering of colonization within families, despite previous work demonstrating that person-toperson transmission of Pneumocystis likely occurs. Other studies have found that health care workers caring for patients with PCP can develop Pneumocystis colonization [14, 15] , and a case of probable maternal-to-infant transmission of PCP from an HIV-infected mother has been reported [16] . Animal studies indicate that transmission of colonization to a healthy adult host can result from exposure to an infected adult [17] [18] [19] , and newborn mice rapidly acquire Pneumocystis colonization after birth, suggesting maternal transmission [20] . Our results indicate that, if person-to-person transmission occurs, it may be transient, or the burden of organisms in asymptomatic individuals may be quite low.
The prevalence of colonization that we found among HIVinfected adults was much lower than was previously reported. In an autopsy study, 46.2% of HIV-infected patients were colonized, and another study of HIV-infected patients with pneu- monia found that 68.8% were colonized [2, 3] . Other studies have reported a prevalence of colonization among HIV-infected adults ranging from 10.0% to 43.8% [1] .
In the pediatric HIV-infected population, only 1 previous study has reported prevalence of colonization and found that 9 (20.0%) of 45 HIV-infected children were colonized when examined at autopsy after death due to a respiratory illness [6] . In the HIV-uninfected pediatric population, Pneumocystis colonization ranges from 15.9% to 32.0% using nasopharyngeal and/or oropharyngeal samples from children with bronchiolitis or acute respiratory syndromes [1] . Autopsy series involving children have found a range of colonization of 25%-100% [21, 22] . The prevalence of Pneumocystis colonization that we found was much lower than that in any of these populations.
There are several possible explanations for the low prevalence of Pneumocystis colonization in our study. First, geographic variation might contribute to a lower level of colonization. We have previously shown that the risk of colonization varies by city, with Los Angeles, our study site, having a lower prevalence than other cities [2] . Therefore, our results might be different if the study was repeated in a different area. Season might also affect Pneumocystis colonization, as has previously been shown with PCP [7] , although we did not find variation in colonization throughout the study period. In addition, our population was fairly healthy, as evidenced by a median CD4 cell count of 504 cells/mL, and consisted entirely of outpatients. Many previous studies have examined patients with advanced HIV infection or lower respiratory tract symptoms. Colonization with Pneumocystis in a relatively healthy person might be rapidly cleared by the immune system. In fact, a recent study involving healthy persons did not detect Pneumocystis colonization [23] . Finally, testing of nasopharyngeal and oral wash specimens might lack sufficient sensitivity. Testing of more-invasive samples, such as bronchoalveolar lavage samples, might have detected evidence of colonization, but these tests were not feasible in this outpatient study. However, other studies using similar PCR techniques have revealed that testing of oropharyngeal wash and nasopharyngeal aspirate specimens adequately detects colonization [4, [8] [9] [10] . Collection of serial samples might also have increased our ability to detect colonization or clustering in families.
We found no clinical risk factors associated with colonization in adults. We have previously reported that cigarette smoking increases the risk of colonization, but this result was not duplicated in the current study [2] . Interestingly, both current and previous work have demonstrated that CD4 cell count, history of PCP, and use of PCP prophylaxis do not impact colonization [2, 3] . In the HIV-uninfected population, underlying lung disease and pregnancy have been shown to increase the risk of colonization [11] [12] [13] , but pregnant women and persons with underlying lung disease were not included in the current cohort. Previously reported risk factors in HIV-unin-fected children include presence of respiratory symptoms and young age [4] , similar to our pediatric population. Interestingly, all colonized adults and children were Hispanic. Race or ethnicity has not been previously demonstrated to influence the risk of Pneumocystis colonization, and it is unclear whether this finding is attributable to environmental or biological causes. Because the number of colonized participants was low, we may have lacked sufficient power to detect all clinical characteristics associated with colonization with Pneumocystis.
In conclusion, this study demonstrates that colonization with Pneumocystis is relatively uncommon among HIV-infected outpatient adults and their children. Transmission of colonization does not seem to occur within families. Colonization was more common among Hispanic persons, but no other clinical characteristics were associated with colonization in the adult population. The pediatric patients who were colonized with Pneumocystis were HIV-uninfected infants who had respiratory symptoms at time of colonization.
